I
ntracranial atherosclerosis occurs frequently with advanced age and is highly prevalent in stroke population. 1, 2 Calcifications on the vessel wall are a marker of advanced albeit a stable atherosclerotic disease and can be easily evaluated in the intracranial (V4) segment of vertebral arteries (VAs) and in the basilar artery. 3 Vertebrobasilar artery (VBA) calcifications are highly prevalent in strokes, and more elaborated calcifications are associated with the male sex and diabetes mellitus and present more frequently in the dominant artery. 4 Arteries change their shape because of atherosclerosis in the process known as arterial remodeling. Positive remodeling leads to a compensatory increase in focal vessel size, and negative remodeling narrows a vessel. 5, 6 The former is associated with neurological symptoms in middle cerebral artery stenosis and is also more prevalent in the BA than the latter. 7, 8 It is unknown whether calcifications are associated with vessel area diameter in VBA territory, and if they are, what risk factors are associated with them. Data could give us a better estimate of risk factors to plan effective preventive measures.
Subject and Methods
Detailed methodology has been reported previously. 4 During a 12-month period, native brain computed tomographic scans were assessed in 449 consecutive hospitalized patients with an ischemic stroke. Hounsfield unit cutoff for the presence of calcifications was set at 90 HU. In those with VBA calcifications, 2 vessel diameters were measured outside of calcifications. Vessel area was calculated for each vessel as the product of 2 perpendicular diameters and Π. Total vessel area (TVA) in square millimeter was calculated as the sum of left VA, right VA, and basilar arterial areas. Also, searching through medical history, a telephone interview with the subject and family/caregiver was conducted to gather more data. The presence of calcifications in VBA, sex, history of transient ischemic attack, and previous strokes were univariately associated (P<0.100) with TVA and entered into the multivariate regression model. STATA SE 11.2 was used for statistical analysis.
Results
A total of 245 (54.6%) patients had visible VBA calcifications. For demographics, see Table 1 . Vessel area could not be calculated in 8 (1.8%) patients because of technical issues. Left VA was dominant in both samples, and right VA was the smallest. Basilar artery and left VA were almost equal in area. Larger right VA, left VA, and basilar arterial areas were univariately associated with the presence of VBA calcifications (Figure) . In the multivariate analysis, larger TVA was independently associated with the presence of calcifications (95% confidence interval, 14.94-39.21; P<0.001) and male sex (95% confidence interval, 6.88-31.41; P=0.002), whereas age and previous transient ischemic attack/stroke were not associated with TVA. Significantly more women had calcifications. Cerebral angiography (computed tomography, digital subtraction, and MRI angiography) was available in 98 (21.8%) patients. There was no association between stenosis and occlusion with calcifications.
Background and Purpose-Intracranial atherosclerosis is responsible for a substantial proportion of stroke, and vessel calcifications as seen on native computed tomographic scans could be an estimate of its burden. In the multivariate model (adjusting for age and sex), larger TVA (both as continuous or a binary variable; TVA <242.0 or TVA ≥242.0 mm 2 ) and transient ischemic attack/ stroke history were associated with higher odds for calcifications, whereas positive smoking history versus never smoked was associated with lower odds for calcifications (Table 2 ). Another independent effect was for age (higher age−higher odds; Table 2 ). Lacunar strokes were more frequent than other stroke types (16.6% versus 8.0%) in the subgroup with no calcifications in the VBA territory, although difference was not statistically significant (6/36 versus 4/50; P=0.215).
Conclusions
Arterial atherosclerosis changes the morphology of an affected vessel with a process that eventually leads to vessel remodeling. 5, 7, 9 Previous reports showed that age was positively associated with VBA diameter; however, we could not replicate this finding. 10 We have shown that independent of age the presence of calcifications is associated with larger arterial areas. We can conclude that atherosclerotic process continues along the vessel and possibly produces positive arterial remodeling distally from the calcified plaque. However, there is a possibility that atherosclerosis and consequently calcifications tend to occur in larger arteries. Patients with calcifications were more symptomatic in the past. Contradictory to previous reports, positive smoking history lowers the odds for calcifications but this could be biased because of the retrospective nature of our study.
Shortcomings of our study are its retrospective nature, the measurement of arterial diameter with a nonperfect method because no data on eventual stenosis in sufficient number of patients (only 22% have available angiography) could be gathered, and rather modest sample size. Moreover, VBAs are known to have large variations in anatomy, and this could influence the measurements. 11 In conclusion, calcifications in VBAs of patients with stroke are associated with advanced age, larger arterial area, and previous transient ischemic attack/stroke. Further investigation into the possible arterial remodeling associated with calcifications is required.
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